A 268 cm section of sediment core from Liangzhi Lake in Hubei province in central China was used to assess the use and accumulation of metals in the lake in the past 7,000 years. The concentrations of trace metals, including Cu, Pb, Ni and Zn, and major elements, Ca, Fe and Mg, in a 14 C-dated segment of sediment core were analysed. Historical trends on the input of metals to Liangzhi Lake from around 5000
Introduction
Humans have a long history of utilising metals since the discovery of techniques for their mining and recovery thousands of years ago. Metals are released into the atmosphere from various activities, such as coal and oil combustion, mining, the pyrometallurgical production of iron and non-ferrous metals, and other human activities (1, 2, 3). Copper was first used about 7,000 years ago, and has been produced in substantial amounts since the Bronze Age (4000-5,000 years ago) (4, 5).
During the period of the Roman Empire, large quantities of metals were produced, especially Pb (80,000 to 100,000 metric tons per year), Cu (15,000 tons/year), Zn (10,000 tons/year), and Hg (>2 tons/year) (6, 7), to meet a significant increase in demand for metals for military and civilian purposes, such as for tools and coinage.
However, Roman-era mines were small-scale operations. It was not until the Industrial Revolution in the eighteenth century, when industrial production increased on a massive scale, that the demand for metals grew exponentially, as did the intensity of metal emissions with the use of large furnaces with tall smokestacks (8, 9, 10).
Sedimentary records are widely used to reconstruct the historical inputs of metals and other pollutants in the environment. Lakes and their sediments change rapidly in response to the sedimentation process in the drainage basin, which provide a detailed record of the transformation of the terrestrial environment (11) . The study of sediment cores allows historical inputs of many pollutants in the ecosystem to be determined, and provides an estimate of the variability of the natural climate (12, 13, 14) . Metals can enter the drainage system through atmospheric deposition and be conserved in the sediment bed. If the sediment accumulation rate is known, the depth profiles of trace metals in the sediments may be used to evaluate the rate of influx of metals in the past.
Previous studies have demonstrated that a record of past depositions of metal can be obtained from lake sediments (15) (16) (17) (18) (19) (20) (21) . The history of atmospheric lead pollution in Europe has been constructed by studying lead concentrations and lead isotopic ratios in lake sediments and peat deposits (22) (23) (24) (25) . Renberg et al. (25) showed that the first indication of the atmospheric deposition of lead pollution dates to between 2000 and 1500 BC. The concentration profiles of lead in the lake sediments and peat cores were found to follow the pattern of the history of world lead production: an initial increase at about 2000 BC; an early peak during the Greco-Roman period at around 0 AD; an increase from about 1000 AD; a decline sometime between 1300 and 1700 AD; an increase during the Industrial Revolution; a peak in the 1970s; and a decline thereafter (3, 23, 25) .
Some studies have been conducted using lake sediments to investigate the human impact on lakes in China. Heavy metals, nutrients and spheroidal carbonaceous particles in several lakes in the Jianghan Plain and the Taihu region of China were analysed (17, 26) . These studies have shown that the sediment cores were significantly enriched in heavy metals with fossil fuel-derived carbonaceous particles due to the influence of urbanisation and industrial development in the surrounding region in the past few decades. However, high resolution studies have been limited to the recent one hundred years of sedimentary records.
For the present study, in order to determine the historical record on the utilisation of metals in ancient China, a sediment core of about 268 cm long in depth was collected from Liangzhi Lake in Hubei province in central China. There is a long history of human habitation in the area around Liangzhi Lake, an important region in the development of Chinese civilisation. Liangzhi Lake is relatively undisturbed from known local discharges of wastewater; hence it is an ideal site to study ecological changes and the impact of past human activities, such as mining and the uses of metals (including the manufacturing of various tools and weapons during the Bronze Age), on the aquatic ecosystem in ancient China. This is probably the first study on 7,000 years of sedimentary records of metals in China.
Experimental Section
Study Area. Liangzhi Lake is located at 30 Radiocarbon Dating. The sediment chronologies used in this study were determined at the China Seismological Bureau based on conventional 14 C dating method using Accelerator Mass Spectrometry. The 14 C ages were then calibrated using the calibration programme CALIB-4.3 (29) . All of the dates described in this paper were obtained by interpolation (polynomial) based on the calibrated radiocarbon age, and the bulk radiocarbon and calibrated ages by depth are given in Table S1 and Figure S2 in the supporting information (S.I.).
and with an average water depth of 2.8 meters. Liangzhi Lake is one of the many lakes within the Jianghan Plain. Thousands of years ago, the Jianghan Plain was a huge area of marshland known as the Yunmengze (Yunmeng marsh). However, the marshland gradually shrank and was replaced by a fluvial area studded with thousands of lakes and small marshes (27) . Liangzhi Lake has a great ecological value, as it is the habitat of many lacustrine species, such as fish and crabs. The water quality in Liangzhi Lake has been deemed to be of a Grade 2 or 3 levels, according to the Table 1 . In general, the concentrations of these metals decreased with depth. Before 3000±328 BC, the concentrations of Cu, Ni, Pb and Zn in the sediments were relatively low and constant (see Figure 2 ). From about 3000 -2700 BC, these elements showed a gradual increase in concentration.
There was a rapid increase of elements such as Cu, Ni, and Zn in 76±237 BC, and Pb in 467±257 BC, reflecting an abrupt input of these metals into the sediments.
Subsequently, the concentrations of Cu, Ni, Pb, and Zn were relatively constant, with some occasional variations. The Ca concentrations were observed to peak at about 1500±102 AD, and to decrease gradually towards modern times. The concentrations of Fe in the sediment profile exhibited a highly varied pattern and those of Mg concentrations showed a general trend of increasing towards the surface.
Pb Isotope Compositions in the Sediment Profile. The results of detailed stable Pb
isotope compositions in the Liangzhi Lake sediments are given in Table S1 
AD)
Pre-mining Phase (Phase I). Before 3000±328 BC, the concentrations of Cu, Pb, Ni, and Zn were at their lowest and were generally constant in the whole profile, which had average values of 16.8, 15.7, 34.1, and 46.7 mg/kg, respectively (Table 1 and Figure 2) . These values may represent the natural background concentrations of metals from the parent bedrocks in the surrounding area. This period probably represented the time before large-scale human activities began to take place in this region. Origins of Pb in the Sediments. To further investigate the possible sources of Pb in the sediments, the Pb isotopic compositions of the sediments were compared to ancient mining ores and bronze materials in China and other environmental samples (see Table S2 and S3 in S.I.). 
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